Introduction
The ExoMars Trace Gas Orbiter is a joint ESA-Roscosmos mission consisting of an orbiter and an entry, descent and landing demonstrator. The mission is scheduled for launch in March 2016 and shall begin its nominal science mission around Mars in late 2017. The science mission will continue until at least 2019, covering an entire Martian year. NOMAD is one of four instruments on board the orbiter. It consists of a suite of three high-resolution spectrometers -SO (Solar Occultation), LNO (Limb, Nadir and Occultation) and UVIS (Ultraviolet and Visible Spectrometer).
The three spectrometers cover the ultraviolet, visible and infrared ranges, operating in solar occultation, limb and nadir-viewing modes, and will generate a huge dataset of Martian atmospheric observations during the mission across a wide spectral range (Neefs et al., 2015) .
An order-of-magnitude increase in spectral resolution over previous instruments will allow NOMAD to achieve its three main science objectives (Vandaele et al., 2015a) . These concern the chemical composition, the climatology and seasonal cycles and the sources and sinks of trace gases. NOMAD will allow us to extend existing datasets by characterizing the Martian atmosphere over the course of an entire Martian year.
It is crucial to develop tools for the data treatment and for the spectral analysis of the wealth of data that will be produced by the instrument. One important issue is to determine the levels of detection for the different possible targets, and to derive optimal observation parameters (specific spectral interval, integration times, accumulations, etc.).
The radiometric model of an instrument is critical for an accurate understanding of its characteristics and to correctly determine its expected performances. The analysis based on the knowledge of the incoming radiation and that of the theoretical transmittance/reflectance of each of the elements of the instrument has been performed. Signal to noise ratios (SNR) were then calculated and were used further to investigate the sensitivity of the instrument (Vandaele et al., 2015b; Thomas et al., 2016) . Detection limits were deduced from simulated spectra, using the latest characteristics of each channel.
The three spectrometers of the NOMAD instrument will be briefly described in the next section. The methodology to investigate their Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/pss performances in terms of sensitivity is presented. This study led to the determination of detection limits for 18 target molecules.
2. The NOMAD instrument NOMAD, the "Nadir and Occultation for MArs Discovery" spectrometer suite (Neefs et al., 2015) was selected as part of the payload of the ExoMars Trace Gas Orbiter mission 2016. The instrument will conduct a spectroscopic survey of Mars' atmosphere in UV, visible and IR wavelengths covering the 0.2-0.65 and 2.3-4.3 mm spectral ranges. NOMAD is composed of 3 channels: a solar occultation channel (SO) operating in the infrared wavelength domain, a second infrared channel observing nadir, but also able to perform solar occultation and limb observations (LNO), and an ultraviolet/visible channel (UVIS) that can work in all observation modes. The spectral resolution of SO and LNO surpasses previous space-based surveys in the infrared by more than one order of magnitude. NOMAD offers an integrated instrument combination of a flight-proven concept (SO is a copy of SOIR on Venus Express) (Mahieux et al., 2009; Vandaele et al., 2008) , and innovations based on existing and proven instrumentation (LNO is based on SOIR on board Venus Express (VEx) and UVIS has heritage from the Exo-Mars Humboldt lander [Patel et al., 2007] ), that will provide mapping and vertical profile information at high spatio-temporal resolution.
Both SO and LNO consist of an echelle grating in combination with an acousto-optic tunable filter (AOTF): the dispersive element provides the spectral discrimination, while the filter selects the diffraction order (Neefs et al., 2015) . An infrared detector array is actively cooled in order to maximize the signal-to-noise ratio (SNR) as much as possible.
UVIS is a copy of the miniature grating spectrometer originally designed for the ExoMars Humboldt lander with two added telescopes for measurements from orbit. UVIS can operate in solar occultation, limb, and nadir observational modes (Patel et al., 2007) .
The design of the three channels has been fully described in Vandaele et al. (2015b) and in Thomas et al. (2016) for the UVIS channel and the IR channels respectively. The main characteristics are given in Table 1 .
Thanks to its high spectral resolution NOMAD will be able to map previously unresolvable gas species, such as important trace gases and isotopologues. CO 2 , CO, H 2 O, C 2 H 2 , C 2 H 4 , C 2 H 6 , H 2 CO, CH 4 , SO 2 , H 2 S, HCl, HCN, HO 2 , NH 3 , N 2 O, NO 2 , OCS, O 3 . The detection of several isotopologues of methane and water will provide crucial measurements of the Martian D/H ratios. It will also be possible to map the sources and sinks of these gases, such as regions of surface volcanism/outgassing and atmospheric production, over the course of an entire Martian year, to further constrain atmospheric dynamics and climatology. NOMAD will also continue to monitor the Martian water, carbon, ozone and dust cycles, extending existing datasets made by successive space missions in the past decades. Using SO and LNO in combination with UVIS, aerosol properties such as optical depth, composition and size distribution can be derived for atmospheric particles and for distinguishing dust from ice aerosols.
NOMAD performances
A preliminary sensitivity study (Drummond et al., 2011) was carried out to assess the detection limits using a SOIR-type instrument for solar occultation and nadir. This showed that methane concentrations below 1 ppb can be detected from just one spectrum, for a signal to noise ratio based on the SNR values currently observed with SOIR/VEx (Mahieux et al., 2009 ). Using the latest optical models of the three NOMAD channels, the SNR achievable have been obtained in Vandaele et al. (2015b) for the UV channel and in Thomas et al. (2016) for the IR channels. These SNR values will be used here to determine updated detection limits. Note however that these are still models that might be modified after calibration will have been performed either in the laboratory or in flight.
Although the treatment is different for solar occultation and nadir observations, the philosophy to determine the detection limits is the same: simulate a series of spectra with known abundances of the target species, add noise corresponding to the SNR considered, apply a retrieval method to fit the abundances, compare with the input values. We will detail the procedure for both solar occultation and nadir observations, and for all 3 channels.
All simulations of the spectra have been performed using the ASIMUT-ALVL radiative code developed at IASB-BIRA (Vandaele et al., 2006) . Initially developed for Earth observation missions (IASI and ACE-FTS), the code was later adapted for planetary atmospheres, in particular for Venus (Vandaele et al., 2008) and Mars (Drummond et al., 2011) . ASIMUT-ALVL is a modular program for radiative transfer calculations in planetary atmospheres. This code has been developed with the objective to be as general as possible, accepting different instrument types (Fourier Transform Spectrometers, grating spectrometers, AOTF combined with an echelle grating) and different geometries (nadir, ground-based, solar occultation/limb). The different contributing sources of radiation such as the Sun (direct or reflected illumination from the surface), surface emission and thermal atmospheric emission are taken into account. The spectra can be simulated in the IR and in the UV as well. The surface is considered by default to be Lambertian, but a more complex treatment is possible as well. The Table 1 Characteristics of the NOMAD channels. Details are available in (Neefs et al., 2015; Vandaele et al., 2015a Vandaele et al., , 2015b Thomas et al., 2016) . determination of the radiation path through the atmosphere, i.e. the path followed by the radiation reaching the instrument, requires that the planet's curvature and refraction be taken into account. The model is based on the ray-tracing program FSCATM (Gallery et al., 1983) . ASIMUT-ALVL has been coupled to SPHER/TMATRIX (Mishchenko and Travis, 1998) and LIDORT (Spurr, 2006) codes (Kochenova et al., 2011) to include the complete treatment of the scattering effects into the radiative transfer calculations. Aerosols are included in the ASIMUT code, either as extinction (ASIMUT) or full scattering species (ALVL, through the call to LIDORT). The main retrieval module is based on the Optimal Estimation Method (OEM) (Rodgers, 2000) coupled to the analytical calculation of the Jacobians. It enables to fit simultaneously or sequentially different parts of one or more spectra, to fit the surface temperature, to fit columns or vertical profiles for molecular species or for aerosols and to fully characterize the outputs (averaging kernels, errors, DOFS, etc.). It is however also possible to use the more conventional Levenberg-Marquardt method for the inversion of spectra. ASIMUT-ALVL is as the reference code for the NOMAD instrument selected to be on board the ExoMars TGO. More details about this algorithm can be found on the website of IASB-BIRA (http://planetary. aeronomie.be/en/asimut_documentation/html/index.html). First of all a reference atmosphere has been built for Mars based on the latest observations of the atmosphere composition. The core of this reference atmosphere are vertical profiles provided by the GEM Mars GCM developed at IASB-BIRA (Daerden et al., 2015) . Global annual profiles for the temperature, pressure, CO 2 , H 2 O, O 3 as well as dust extinction are given from the surface up to 130 km. The other constituents, listed in Table 2 , have been included into the model considering constant with altitude volume mixing ratio (vmr) profiles with the abundance given in Column 2 of Table 2 .
Spectra are then simulated considering the following parameters or conditions:
-SO channel : Gaussian resolution of 0.15 cm À 1 ; 2.3-4.3 μm; -LNO channel: Gaussian resolution of 0.3 cm À 1 ; 2.3-3.8 μm;
-UVIS channel: Gaussian resolution of 1.2 nm; 200-650 nm; -UV cross sectionsthe following molecules were considered, see also Fig. 1 where the selected data are shown. When available the temperature dependence of the cross section is taken into account.
CO 2 : The data from Huestis and Berkowitz (2011) has been selected since it covers a wide spectral interval at relatively high resolution. They are in very good agreement with the data of Parkinson et al. (2003) obtained at 295 K; H 2 CO cross section is based on the temperature dependent relation established by Meller and Moortgat (2000) corrected however for a wavelength shift in order to be in better agreement with the high resolution data from Chance and Orphal (2011) ; NH 3 data are from Cheng et al. (2006) ; SO 2 absorption cross section is the combination of two data sets (Danielache et al., 2008; Hermans et al., 2009; Vandaele et al., 2009) to cover the complete UVIS spectral interval;
O 3 has been built around the temperature dependent data sets of Serdyuchenko et al. (2014) , extending the cross sections towards the shorter wavelength by using either the Reims data set (Brion et al., 1993; Daumont et al., 1992; Malicet et al., 1995) or the JPL compilation (Sander et al., 2011) depending on the temperature.
-IR spectroscopic parameter from HITRAN 2012 (Rothman et al., 2013) . However, broadening coefficients have been modified in order to take into account the presence of CO 2 as the main buffer gas, whereas data reported in HITRAN are given for Earth like air conditions. Details on modifications introduced in the spectroscopic parameters line list can be found in Vandaele et al. (2008) . -Rayleigh scattering from (Sneep and Ubachs (2005) ; -Solar irradiance : from the latest results of the SOLSPEC mission (Bolsée, 2012, in preparation) for the UV range, ACE-FTS data (Hase et al., 2010) for the IR; -Abundances : for each of the species considered in this sensitivity analysis, a starting value was chosen being much higher than the expected detection limit. This value, indicated in Table 2 for the different channels and for the two observation modes, was multiplied by a series of factors covering the [100-0.001] interval (34 different values for all solar occultation, 50 for nadir-LNO, and 16 for nadir-UVIS). These were the abundances used for the simulations of spectra.
Aerosols have not been taken into account in this study. To mitigate the impact of this decision, tangent altitude and SNR have been chosen carefully. Our choices are explained in more details hereafter.
Although aerosols can be simulated by ASIMUT-ALVL, even considering their full scattering impact, we have decided to perform all the current sensitivity analysis without aerosols. The detection values obtained in this study, though using the worst case SNR values, are yet to be considered as best values, since the presence of aerosols will have as main consequence to deteriorate the retrieval. The scattering impact of dust and aerosols on the signal recorded during solar occultations can be neglected. Moreover, for the IR channel LNO, since the signal is recorded on small intervals ($20-25 cm À 1 ), the influence of aerosols/dust would be visible as a general decrease of the background of the signal. This is what is observed with SOIR/Venus Express and is at the core idea of the aerosols optical depth determination (Wilquet et al., 2009 (Wilquet et al., , 2012 . In the UV region, the impact of aerosols is complicated by the fact that both the signature of dust/ aerosols and that of the target species are broad. In nadir viewing, the scattering effect of dust/aerosols cannot be neglected. However including the full scattering properties, whilst possible with ASIMUT- Table 2 Reference composition and initial volume mixing ratio (vmr) values for the sensitivity study in the case of solar occultation and nadir observations. The values used for the reference atmosphere are based on the observations or detection limits found in the literature (Formisano et al., 2004; Krasnopolsky et al., 2004; Mumma et al., 2009; Fedorova et al., 2009; Smith, 2004; Smith et al., 2009; Krasnopolsy, 1997; Lodders and Fegley, 1997; Owen et al., 1977; Hartogh et al., 2010; Villanueva et al., 2013; Maguire, 1977; Lefevre et al., 2004; Perrier et al., 2006; Krasnopolsky, 2005; Encrenaz et al., 2011; Nakagawa et al., 2009; Mahaffy et al., 2013) .
Species Reference atmosphere
Initial vmr values for the SNR study in solar occultation ALVL, would make the process much more complex and time consuming. The analysis should then be done for different dust loadings, different solar illumination angles, etc. This will be the subject of a future investigation, whilst the objective of the present study is not a full sensitivity study of the dust on the retrieval, but only the determination of estimates of detection limits that could be derived in the best conditions. As already indicated, we are aware that this is an indication (at least for the nadir geometry) of the optimal theoretical performances of the instrument. Occultation spectra were simulated to correspond to a tangent altitude of 20 km. This is again an intentional compromised choice: the lower the tangent altitude, the longer the Line of Sight, the stronger the absorption signature. However due to the presence of dust and clouds, lower tangent altitudes will be more impacted by aerosols. Noise was then added to all the simulated spectra. The noise level is directly related to the SNR values that were obtained during the radiometric modelling studies performed as a first step to characterize the instrument [Thomas et al. 2016 ]. This model operates in radiometric units. For SO (solar occultation only), the detection limits have been determined assuming a one-second cycle with 6 different spectral windows of 160 ms. From Thomas et al. (2016) , we see that the study of idealized cases leads to SNR values around 5500 for integration times around 10-15 ms (SO) and 5-8 ms (LNO occultation), for one accumulation and for one pixel row of the detector. Considering that 160 ms corresponds to 7 accumulations, a further factor of about 2.6 is gained. Note that playing with the binning of rows, the SNR can still be improved (by a factor of √6 $ 2.5 at maximum). However we have considered a very conservative SNR value of 2000 for the determination of the detection limits. By choosing this low value, we expect to include the effect of the aerosols. For LNO in solar occultation, a similar reasoning led us to the value of 3000. As for LNO observations in nadir we considered a SNR value of 100. For the UVIS instrument, the value of 500 has been considered for both the solar occultation and the nadir observations. These noise values account for the instrument. From one simulated spectrum, 200 (for all UVIS geometries, and for SO and LNO solar occultation) or 100 (LNO nadir) noisy spectra were constructed by adding random noise corresponding to the selected SNR values. For example, in the case of UVIS nadir, a total of 3200 spectra (¼ 16 different factors Â 200 noisy spectra) were created for each target species.
The retrieval method was then applied to all these spectra and the retrieved quantities were compared to the initial abundances. The optical working principle of the SO and LNO channels is based on the combination of an echelle grating, used as a diffractive element, and an acousto-optical tunable filter, used as a diffraction order sorter. Therefore, the spectral range is measured using short spectral intervals corresponding to the diffraction orders. The width of the selected spectral windows varies from 20 to 35 cm À 1 depending on the selected diffraction order. The correspondence between orders and spectral ranges covered has been described in Neefs et al. (2015) . For each species, we have considered different orders to also have an indication on which would be the optimal setting for the detection of the target. For UVIS, the retrieval has been carried out considering the complete 200-650 nm spectral range since the instrument will always record the entire range.
For example, Fig. 2 shows the different diffraction orders that can be used to study the CH 4 band. The reference atmosphere described in the Table 2 is shown in grey while the ν 3 absorption band of methane is shown in red. This plot represents a spectrum Table 2 while the methane spectrum is obtained with an abundance of 10 ppb. The limits of the diffraction orders covered are shown at the top of the Figure. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Table 3 Detection limits (ppb) for all the selected molecules using SO and LNO in solar occultation when individual orders are considered. The two lowest detection limits for methane are indicated in bold. obtained by the SO channel at 20 km altitude. For this molecule, we considered the orders 131 to 136 to estimate the detection limits, as it will be explained further.
Solar occultation geometry
After the addition of the noise, the retrieval was performed using the Levenberg-Marquardt inversion method, the starting point of which was randomly chosen within 30% around the reference concentration. This value was chosen in order to start from random values, but not too far away from the solution. Again the present study is focused on the determination of detection limits and not on the convergence characteristics of the retrieval code.
Typical results coming out of the procedure explained just above are shown in Fig. 3 for the methane detection for two different orders (131: 2944.5-2968.1 cm À 1 ; and 136: 3056.9-3081.4 cm À 1 ). In these plots, each dot represents a retrieved/initial abundance couple. One sees that when the abundance is high enough, i.e. well above the detection limit, there is no problem to retrieve the initial value. However when the initial abundance gets lower, the error increases as well as the spread of the results. The red dots are the average of the 200 values for each different factor. The average of the retrieved values, together with the associated error, are represented by the red curves. The blue lines represent the 1-sigma standard deviation of the 200 values. The detection limit is indicated by the arrow and is the lowest abundance for which the mean error is still lower than the standard deviation. Clearly, order 136 leads to a lower detection limit and would be a better choice to detect methane than order 131. Table 3 shows the detection limits of methane which have been inferred with this method for a series of orders and for SO and LNO operating in solar occultation. The best settings would be order 134 (which includes the Q branch and R(0) line of the ν 3 transition) and 136 (which includes the intense R(3) to R(5) lines of the same band).
The same procedure has been applied for all the species mentioned in Table 2 . The different spectral intervals and detection limits are reported in Table 3 . HDO detection limits values have been obtained from the retrieved H 2 O density considering the isotopic ratio of 5.6 VSMOW at Mars (Krasnopolsky, 1997; Lodders and Fegley, 1997; Owen et al., 1977) . A similar analysis has been performed for the species absorbing in the UVIS spectral range, i.e. O 3 , SO 2 , H 2 CO and NH 3 . The detection limits are reported in Table 4 .
The values reported in Table 3 are essentially modulated by the line intensity in each of the spectral interval, and indicate which order to select for the optimum detection of each species. Moreover, they can be used to choose specific orders containing sufficient information on several species and that can then be observed simultaneously. For example, selecting order 129 for HCl, whilst not the optimal one for that species, would also allow the possible detection of H 2 CO, OCS and NO 2 , or at least the determination of upper limits. The detection limits for the three channels in the solar occultation mode are summarized in Table 4 for the different species targeted in this study.
Nadir observation geometry
A similar analysis has been performed for nadir observation, with LNO and UVIS. The retrieval of nadir spectra is not as straightforward as for the solar occultation cases. Here we used the Optimal Estimation method (OEM) developed by Rodgers (2000) to derive the column density of the target species. In this method, an a priori abundance and variability have to be provided. One of the parameters generated by the OEM is the degree of freedom for signal, or DOFS, which indicates how many pieces of information can be extracted independently from the retrieval. If the DOFS is zero, no information was found in the spectrum (it was too noisy and/or the abundance too small), the answer will be the a priori value ingested in the OEM, whereas a DOFS of 1 indicates a retrieval where information could be found in the spectrum (the absorption signature is well above the noise level). In nadir retrievals, the DOFS seems to be the most interesting parameter to look at to determine the detection limit. Considering the following criterion: "the detection limit corresponds to the abundance for which DOFS is equal to 0.5", we produced detection limit values for the different species considered in this study. The value of 0.5 has been chosen as it resulted in an error on the retrieved values lower than 20%. This threshold was chosen empirically. An example is given in Fig. 4 .
If we apply this criterion on the O 3 detection with UVIS, we see that the abundance corresponding to a DOFS of 0.5 is 4.5 ppb (see Fig.  5 ). In this figure, the different individuals DOFS values are plotted as a . For each plot, the red line represents the a priori volume mixing ratio used for the retrievals. In blue are represented the retrieved value (p plain) and its error (dotted). The green line is the expected value if the retrieval was successful (xSol¼ 15 ppb here). The retrieved value (xM) with its error and the DOFS of the retrieval are also indicated. As can be seen on the first panel, even with a DOFS of 0.0, ASIMUT-ALVL reaches the solution. As this is not reliable, a more selective criterion has been applied: the DOFS must be 40.5, this implies an error of less than 20%, as can be calculated from all panels given here. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) function of the initial abundance (dots). The red curve represents the average DOFS value obtained for a given initial abundance. At high abundances, DOFS values are equal to 1, meaning that the retrieval was successful and could derive information out of the noisy spectra. On the contrary, at lower abundances, the noise overwhelms the target signature and no information could be driven out of the spectra. A similar procedure was applied for the other species absorbing in the UV (Table 4 ) and the ones absorbing in the IR using the LNO channel. In the UV region, it was however impossible to derive detection limit for NH 3 . This is not unexpected since the absorption of this species occurs near the 200 nm extremity of the UVIS spectrum where the signal and SNR are low.
As for the SO and LNO solar occultation results, detection limit values are specified for different orders (spectral intervals) for the LNO nadir simulations ( Table 5 ). The OEM was used to characterize the detection limits achievable with the LNO channel in nadir observation mode for 17 molecules. 50 factors, from 0.001 to 100 were applied to the initial values presented in Table 2 . Random noise was added to the simulated spectra in order to create a batch of 100 spectra per factor per molecule. Using that methodology, we know what to expect from the retrieval, i.e. the retrieved density should equal the initial density value times the factor considered in that particular case. The retrievals were run with ASIMUT-ALVL using a random a priori value of 30% around the solution and a variability of 10%. Several orders of diffraction were considered in order to find out the best spectral ranges to study. For each molecule and each order, the values of the DOFS for the 5000 retrievals, i.e. 50 factors times 100 spectra, were plotted (red dots in Fig. 6 ). According to the criterion stated earlier in this section, the detection limits were determined using the DOFS values. Two examples are given in the Fig. 6 for CH 4 .
One order of magnitude difference is obtained for the detection limit of the two orders presented in Fig. 6 . DOFS¼ 0.5 for a density of 110 ppb in the order 133 (on the left of Fig. 6 ) while 11 ppb is detectable in the order 134 (on the right of Fig. 6 ). The detection limits for some of the orders are given in the Table 5 while Table 6 only indicates the lowest detection limit. As for solar occultation, HDO detection limits values have been obtained from the retrieved H 2 O density using the Martian isotopic ratio of 5.6 VSMOW (Krasnopolsky, 1997; Lodders and Fegley, 1997; Owen et al., 1977) .
These detection limits are within the expected range considering the SNR value (100) of the LNO channel. Our current knowledge of some of the species will be improved, especially for H 2 O, CO, C 2 H 4 , C 2 H 6 . For CH 4 , we do not reach the 7 ppb limit established by Curiosity (Webster et al., 2015) but the value of 11 ppb is still valuable considering the other detections that were published earlier. One way to improve this detection limit will be of course, to average several observations, although the spatial resolution will then be impacted.
Conclusions
NOMAD is a spectrometer suite that is part of the ExoMars mission towards Mars. It is composed of three channels, operating in the UV and IR spectral ranges and performing solar occultation and nadir observations. Although other pointing capabilities, e.g. limb, are possible with the instrument, they are not part of the current baseline activities of the spacecraft. Fig. 5 . DOFS criterion applied to the O 3 detection. The red curve represents the average DOFS value obtained for a given initial abundance and the blue curves the 2-sigma standard deviation. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Table 5 Best detection limits for the LNO channel per molecule for some of the tested orders.
Species Diffraction order
Detection limit We have shown that the instrument will be capable of measuring a large suite of species that are/or could be present in the atmosphere of Mars. The solar occultation technique is a very powerful observational method: it is a self-calibrated method (the full Sun reference spectrum is measured outside of the atmosphere during each occultation and transmittances that are free of solar lines are analyzed) allowing for the retrieval of high spatial vertical profiles of the target molecules from the upper layers of the atmosphere down to the surface or near-surface depending on the loading in dust and particles. The nadir observations will provide maps of a series of constituents leading to the determination of sources and sinks, as well as put constraints on some surface processes. Sub-ppb level of methane, o25 parts per trillion (ppt), are detectable by the instrument in solar occultation mode and 11 parts per billion in nadir mode.
Although the analysis has been carried out on the latest version of the channels' SNR models containing the updated characteristics of the optical elements, this remains a theoretical exercise that will be reevaluated when calibration data will be available. This may take place either after the analysis and interpretation of the measurement made in the laboratory just before delivery of the instrument to ESA, or inflight. The impacts of dust loading on the detection limits of the channels will be investigated in a follow-up study. The true performances however, will be known only be revealed when the first Martian measurements are performed. 6 . Degree of freedom for Signal of the retrievals in the LNO diffraction order 133 (2989.416-3013.415 cm−1) and order 134 (3011.893-3036.072 cm−1) for CH4. The red dots correspond to each individual retrieval. The black crosses represent the averages of the DOFS for each considered factor. The blue cross indicates the value of DOFS=0.5 hence the value of the detection limit in abscissa, in ppb. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
